Abstract: We calculated extraction and production rates of bushmeat species in two main tropical, moist-forest regions, the Amazon and Congo basins. Extraction was estimated from the average number of animals
Resumen: Calculamos las tasas de extracción y de producción de especies cinegéticas en dos importantes regiones tropicales de bosque húmedo: las cuencas del Amazonas y del Congo. Se estimó la extracción a partir del número promedio de animales consumidos por año en estudios antropológicos que registraron animales cazados y llevados a los poblados en las regiones. Calculamos tasas de extracción (kg/km
2 /año Ϫ 1 ) para 57 y 
taxa de mamíferos en el Congo y el Amazonas, respectivamente. Posteriormente examinamos la sustentabilidad de estas tasas de extracción por cuenca y por taxa, utilizando ecuaciones de balance de masas extracción a producción ( E:P ). La producción (ton/año

Introduction
Vertebrate defaunation of the world's remaining tropical forests through overhunting is considered a major cause of biodiversity loss, in some cases more important than deforestation ( Redford 1992) . have indicated that exploitation of bushmeat by tropical forest dwellers has increased in recent years, because of growing human populations, greater access to undisturbed forests, changes in hunting technology, scarcity of alternative protein sources, and the fact that bushmeat is often a preferred food ( Robinson & Bennett 2000) . Mammals hunted for subsistence or commercial purposes are particularly affected (Alvard et al. 1997; Robinson & Bodmer 1999; Robinson & Bennett 2000) . Bushmeat hunting is the single most geographically widespread form of resource extraction in tropical forests and can affect the core of even the largest and least accessible nature reserves ( Peres & Terborgh 1995) . Game harvests in South America and Africa usually exceed production ( Robinson & Bodmer 1999) , even in the case of traditional aborigine societies still using rudimentary hunting technology (Alvard et al. 1997 ). Such uncontrolled exploitation will bring about marked population declines, and eventually the extinction of a number of game species. Coupled with threats from habitat loss, even from historical deforestation (Cowlishaw 1999) , global extinctions of the most sensitive species such as primates are likely to occur as an accumulation of local disappearances. This may result in long-term changes in tropical forest dynamics through the loss of seed dispersers, large granivores, frugivores, and "habitat landscapers" such as large forest mammals (Dirzo & Miranda 1991; Chapman & Onderdonk 1998; Wright et al. 2000) .
Numerous international conservation organizations believe that tropical forest faunas are seriously endangered by current extraction levels of subsistence and commercial hunting ( World Society for the Protection of Animals 1995; Ape Alliance 1998), but few studies have quantified this at a regional scale. Such a broader picture would help conservationists understand the extent of the problem and serve to highlight differences and similarities among geographical areas. Moreover, intercontinental comparisons of consumption and extraction rates can shed light on the interaction between ecosystem productivity, harvestable game biomass, and human consumers.
Methods
We used data on the extraction rates of mammal species in the Congo and Amazon basin from a review of hunting studies by Fa and Peres (2001) . The average number of animals consumed per person per year was estimated following Peres (2000) , which builds on previous estimates by Redford and Robinson (1987) . We used mean body mass ( Fa & Purvis 1997; Peres 2000) to estimate extraction rates ( kg/km 2 /year), for a total of 57 and 31 mammalian taxa in the Congo and Amazon, respectively. Data on the number of animals and biomass extracted per species were derived from anthropological studies that reported animal kills brought into settlements (23 and 14 rural settlements in the Amazon and Congo, respectively) during a period Ͼ 1 year. An average extraction rate for each species was derived from all studies that reported the species as hunted in the settlement. Although the hunting studies incorporated reflect a variety of habitat types and hunting conditions, our sample may not represent all regions or forest types in the geographically large study areas. Given the conservation urgency of this issue, however, we believe results from our compilation will emphasize the gross intercontinental differences that exist in wild meat exploitation. To standardize the quality and representativeness of the studies we included, we carefully chose sites that were studied over longer periods and that did not concentrate on unhunted areas. The African databank is based on a smaller sample size than the South American one, a direct reflection of the scarcity of data being collected from African forests.
The species we considered represent all mammal species hunted in each region. The main taxa represented are primates (19 African and 11 Amazonian), ungulates (14 and 3), rodents (9 and 6), and carnivores (11 and 4). To assess the sustainability of current extraction rates for each major taxon and species, we determined ratios of extraction to production ( E : P ) ( Hennemann 1983) for the Congo and Amazon. At the basin-wide level, r max was derived empirically from mean body mass. For dif- ferent taxa, where sufficient life-history data were available, r max was calculated by the method of Cole (1954) ; otherwise, r max was estimated empirically from body mass of primates ( Robinson & Redford 1986 a , b ) and other taxa (Hennemann 1983) . Production (tons/year) was calculated as the product of r max , mammal biomass, and total area of forest in each region.
Our mass-balance estimates were based on production ( P ) derived from body size ( W a ) and r max and on fieldderived extraction rates ( E ) and biomass estimates. All these variables include some error. To evaluate the effect of error on the estimates of E : P , we conducted a sensitivity analysis by substituting lower and upper values for W , r max and B into the mass-balance equation and evaluating the effect on the E : P ratio (Table 1) . These lower and upper limits are a function of either the 95% confidence limits of the corresponding regression equation or are based on variation in reported estimates of B .
Results and Discussion
Rates of exploitation of species at specific body masses were significantly greater in the Congo than in the Amazon (Table 2 ). In the Congo, 177.7 Ϯ 358.4 kg/km 2 /year ( n ϭ 24) of meat were contributed by taxa of Ͼ 10 kg and 35.4 Ϯ 72.2 kg /km 2 /year ( n ϭ 33) of meat were contributed by taxa of Ͻ 10 kg. For the Amazon, taxa of Ͼ 10 kg contributed 3.69 Ϯ 3.9 kg /km/year ( n ϭ 7 ), whereas taxa of Ͻ 10 kg contributed 0.6 Ϯ 0.9 kg /km/ year ( n ϭ 24). Extraction rates increased with body size on both continents, reflecting hunters' preference for large-bodied animals. Because r max and potential production naturally declines with increased body mass, the probability of sustainable harvests steeply declines for larger-bodied species.
The E : P ratio for the Congo was 2.4, 30 times the Amazon's ratio of 0.081 (Table 3) . Consequently, Congo Basin mammals must annually produce approximately 93% of their body mass to balance current extraction rates, whereas Amazonian mammals must produce only 4% of their body mass. Of the Congo mammal taxa, 60% were harvested unsustainably: most ungulates (93%), primates and carnivores (63%), and rodents (11%) ( Fig. 1) . Here we define unsustainable harvesting as extraction exceeding 20% of production, which is considered sustainable for long-lived taxa (Robinson & Redford 1991) . At a basin-wide scale, all Amazonian taxa appear to be exploited at levels below 20% production.
Results of our sensitivity analysis suggest that E : P was affected by variation in W a , provided that standing stock ( B ) remained constant ( Table 1) . Doubling or halving W a led to a 1.2-fold change in mean E : P in both the Congo and the Amazon. The effects of error in r max were comparable to those in W a . By using the 95% lower and upper confidence limits for r max we calculated a 1.24-and 1.2-fold change in E : P for Congo and Amazon, respectively ( Table 1 ). The mass-balance estimates were more sensitive to error B , with a 1.37-and 1.93-fold change in E : P ratio for the Congo and the Amazon, respectively, at the 95% confidence limits. The relatively large change for the Amazon reflects the imprecision in B associated with the small sample size available for its estimation ( n ϭ 3). Combined, r max and B led to 1.77-fold (Congo) and 2.44 (Amazon) -fold changes in E : P ratios for the two basins (Table 3) , which corresponds to a variation in E : P from 1.48 and 4.31 in the Congo and 0.04 to 0.23 in the Amazon.
The sensitivity analysis suggests that our results are robust. The high E : P values in the Congo are the result of low biomass and low average r max (i.e., a community of a few large animals of low productivity). This is an unlikely combination (Fa & Peres 2001) , so the high E : P ratio is unlikely. The lower limit of 1.48, however, indicates that at best extraction is almost 50% higher than annual production, a grave conservation concern. In the Amazon, E : P ratios remain relatively low. In the worst-case scenario, extraction is 20% of production; this value is thought to be at the upper level of sustainability, suggesting that exploitation rates in the Amazon should not increase. We estimated that over 5 million tonnes of wild mammal meat feed millions in Neotropical and Afrotropical forests annually. Our calculated extraction figures are significantly lower in Neotropical than in Afrotropical forests. Furthermore, our Congo basin estimates were four times higher than those calculated by Wilkie and Carpenter (1999) . But the per-capita per-day meat consumption (calculated from extraction in tonnes/year from Table 3 , divided by a total human population size of 33.35 million inhabitants, and multiplied by 0.70 to convert undressed to dressed meat) was 282.3 g/person/ day. This figure is not unrealistic because it falls within the reported range of consumption for Africa (151.8 Ϯ 72.3 g/person/day, range 50-290, n ϭ 15) (Noss 1995; DelVingt 1997; Wilkie & Carpenter 1999) and for the Neotropics (205.9 Ϯ 145.9 g/person/day, range 7-582, n ϭ 54) ( Jerozolimski 1998) .
The key question here is how much our use of extraction rates biases the mass-balance extrapolation. If the model were constrained to refer to E:P on a square-kilometer basis, results would simply show that, where animals are exploited, the mass-balance result is the ratio between E and P. But if one scales up to a larger geographical area, in our case whole river basins, the appropriateness depends on the proportion of the region subject to exploitation. Similarly, the degree to which unexploited areas serve as refugia for sources of biomass that move into already hunted sink areas would also affect the extrapolations (Novaro et al. 2000) . In the Congo, where much of the basin is subject to hunting Wilkie and Carpenter (1999) and Peres (2000) . b Weighted average body mass of mammals was based on their densities (Fa & Purvis [1997] (Fa & Peres 2001) , and ⌺ ( W a ϫ density ϫ area of occupancy)/c.f., where c.f. is the conversion factor from ecological densities (Fa & Purvis 1997) to density. e Calculated as B ϫ r max and B ϫ r max ϫ area of forest. f Sum of taxa-specific extraction rates, E t , from Fa and Peres (2001) and ⌺ ( E t ϫ area of occupancy). Around 60-70% of game extracted from African forests is commercial supply to another 9 million people in urban centers (Wilkie & Carpenter 1999 and where human population density is high, we can assume that our estimates of extraction rates reflect those of the entire region. Few areas of the Congo are not subject to exploitation (Ape Alliance 1998; Wilkie & Carpenter 1999) . In the Amazon, however, where vast forest tracts remain unhunted, our E is likely to be high and thus to represent a worse-case scenario. Thus, we argue that the E:P ratios for the Congo are probably relatively accurate on both a square-kilometer basis and on a basinwide scale. In the Amazon, the E: P ratio is probably most appropriate in hunted areas (on a square-kilometer level) and less accurate on a basin scale.
Our extrapolations from local data to entire basins must be viewed with some caution. The picture that emerges here is a reflection of the current state of evidence. Notwithstanding our data sources, we believe that the overall picture of extraction to production emerging from our study is realistic and of heuristic value. An important result is that although our E:P estimates suggest that Amazonian game species do not appear to be harvested unsustainably at a large spatial scale, they more often than not are overexploited at the scale of village catchments. Therefore, we do not advocate complacency, because the main reason for Neotropical forests being less vulnerable at present is their lower human densities. As we have seen in the Congo Basin, hunting levels of forest mammals reflect the high human population in the region. Coupled with accelerating habitat loss (Cowlishaw 1999; Musters et al. 2000) , the current bushmeat hunting scenario foretells catastrophic results for African forest wildlife. The urgent need for research into ways of mitigating the problem of defaunation at a continental scale cannot be overemphasised. Our study, although ambitious, should assist in quantifying the extent of the problem. (Robinson & Redford 1991) .
